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Metavolcanic and metasedimentary rocks of the Shuksan Metamorphic 
Suite near Gee Point have been contact metamorphosed by high-temperature 
emplacement of ultramafic rock. This intrusion occurred at great depth 
(>25 km) and caused contact temperatures of about 500°C, resulting in 
epidote-amphibolite facies metamorphism. Minerals of the contact meta­
morphism are overprinted by mineral assemblages of the regional Shuksan 
blueschist facies metamorphism. The K/Ar age of the epidote-amphibolites 
is Jurassic (145-160 m.y.), and thus the age of Shuksan metamorphism is 
probably younger than Middle Jurassic,
Ultramafic rocks found near Gee Point have been metamorphosed to 
serpentinites during Shuksan metamorphism and should be considered part 
of the Shuksan Metamorphic Suite.
Shuksan blueschist facies metamorphism and the Gee Point epidote- 
amphibolite facies metamorphism probably occurred within a subduction 
zone. A tectonic model is proposed in which high-temperature ultramafic 
rock fills fractures and faults in a subducted plate, causing local 
contact metamorphism.
Comparison of metamorphic relations at Gee Point with rocks of the 
Franciscan Complex suggests that Franciscan eclogites may also result 
from contact metamorphism caused by ultramafic intrusions.
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The general geologic relations of the North Cascades (Fig. 1) are 
known chiefly through the work of Misch (1966) and his students at the 
University of Washington. Two large thrust faults with approximately 65 
km of displacement have been mapped by Misch (1960, 1966) on the western 
flank of the North Cascades. The Church Mountain thrust plate is composed 
of Middle Devonian through Lower Cretaceous volcanic rocks, volcanic 
derived marine sediments, ribbon cherts, terriginous sediments, limestones, 
as well as some other minor lithologies, and has been termed the Chilli­
wack Group by Misch (1966). The Church Mountain thrust fault separates 
the Chilliwack Group from the underlying Nooksack Group, which is com­
posed of volcaniclastic sediments and minor volcanic rocks of Upper 
Jurassic to Lower Cretaceous age (Misch, 1966). To the north, the Wells 
Creek volcanic rocks of Jurassic age underlie the Nooksack Group. Rocks 
of the Chilliwack Group have been metamorphosed to the prehnite-pumpellyite 
facies, but relict sedimentary and igneous textures are well preserved.
Rocks of the Church Mountain thrust plate are separated from the 
overlying Shuksan Metamorphic Suite by the Shuksan thrust fault. The two 
dominant rock types that make up the Shuksan Metamorphic Suite are meta- \ 
basalt and metasedimentary rocks. Metasedimentary rocks are present as ) 
graphitic phyllites and subordinate quartzo-feldspathic and pelitic 
schists. Metabasites are predominantly greenschists with some blueschist 
intercalations. The metasedimentary and metabasaltic units have been ; 
named the Darrington Phyllite and the Shuksan Greenschist, respectively', 
(Misch, 1966).
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FIGURE 1. Generalized geologic map of the western North Cascades 
showing location of study area (from Misch, 1966).
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Misch (1959, 1966) and Brown (1974, 1977) have interpreted the 
Shuksan metatnorphism to have occurred in the blueschist facies, but at 
lower pressure than the lawsonite-glaucophane schists of some other 
terranes, such as the Franciscan.
In most places the Darrington Phyllite underlies the Shuksan Green- )
fschist (Misch, 1966, 1974), however, Morrison (1977) found that the j 
Darrington Phyllite structurally and possibly stratigraphically overlies 
the Shuksan Greenschist in the Finney Peak-Gee Point area.
The age of the Shuksan metamorphism is uncertain. Misch (1966) 
suggests a Permian age of metamorphism based on two K/Ar dates on crossite.^_^ 
More recently, numerous Cretaceous K/Ar and Rb/Sr dates have been obtained \ 
by R. L. Armstrong (personal communication, 1977).
The oldest rocks in the North Cascades comprise the Yellow Aster 
Complex. These rocks have been tectonically emplaced along the Shuksan 
thrust fault. Misch (1966) suggests that they represent basement material 
of continental affinity. They are dominantly quartz-dioritic but range 
from gabbroic to trondhjemitic composition, and include amphibolites, 
pyroxene gneisses and garnet gneisses. Mattinson (1972) has dated zircons 
from rocks of the Yellow Aster Complex and has found them to be of ages 
ranging from pre-Cambrian to Triassic.
According to Misch (1966) one part of the Yellow Aster Complex is 
"autochthonous", in the sense that it is bounded by high angle faults and 
thus is derived from subjacent terrane. This unit, which is located at 
the U. S.-Canada border, is composed partly of relatively high-pressure 
epidote-amphibolites of Permian age (Bernardi, 1977).
Ultramafic rocks also occur along the Shuksan thrust fault and
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generally have been metamorphosed to serpentinites. Misch (1966) 
suggests that all serpentinite contacts are faulted and thus implies 
that serpentinites found along the Shuksan thrust fault do not belong 
to either the Shuksan Metamorphic Suite or the Chilliwack Group.
The Gee Point-Iron Mountain Area
Three groups of crystalline rocks are found in the Gee Point-Iron 
Mountain area (Plate 1). They are (1) metamorphic rocks of the Shuksan 
Metamorphic Suite, (2) metamorphic rocks of the Chilliwack Group, and 
(3) serpentinites. The Chuckanut Formation of Late Cretaceous to Eocene
age unconformably overlies the other lithologic units and the Shuksan 
thrust fault in the field area.
Rocks of the Shuksan Metamorphic Suite cover most of the field area. 
Actinolite greenschists predominate, but there are intercalations of 
blueschist and metasedimentary rock. In the study area, the Chilliwack 
Group consists entirely of metavolcanic rocks.
Serpentinite bodies up to two square kilometers in area have been 
found in the field area positioned between, or nearly between, the con­
tacts of the Shuksan metamorphic rocks and the Chilliwack metavolcanic 
rocks. In the Gee Point area, it appears that the serpentinites are 
related to the Shuksan Metamorphic Suite and are not merely tectonic 
slices of basement rock.
J. A. Vance (1957) studied the geology to the southeast of Gee Point 
near Whitechuck Mountain and R. W. Jones (1959) mapped the geology of 
the Finney Peak area, just south of the study area. Recently, Morrison 
(1977) studied the structure and stratigraphy of the Shuksan Metamorphic
5
Suite in the Finney Peak-Gee Point area.
Statement of the Problem
Three specific problems are considered in this study. First: What
is the origin of the serpentinites found in the field area? Are the 
serpentinites only in fault contact with the Shuksan rocks, or should 
they be considered part of the Shuksan Metamorphic Suite? Second: If
it can be shown that the ultramafic rocks are part of the Shuksan unit, 
when were they emplaced? Were the ultramafic rocks intruded into the 
Shuksan rocks prior to or during a possible subduction event, or were 
they emplaced in some other tectonic environment? Third: Are the phase
relations of the serpentinites consistent with an interpretation that 
they have been overprinted by Shuksan metamorphism?
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DESCRIPTION OF THE GEOLOGIC UNITS 
Shuksan Metamorphic Suite
In the vicinity of Iron Mountain and Gee Point, the Shuksan green- 
schist is intercalated with blueschist, metachert, and metamorphosed iron 
formation. Blueschist is somewhat more abundant on Iron Mountain, making 
up approximately 30% of the total metabasic rocks.
The Darrington phyllite is not an abundant rock type in the study 
area and generally the exposures that do occur are rather poor. Exposures 
on the northwest flank of Iron Mountain and on Coal Mountain consist of 
a graphite-rich metapelitic rock with minor interbeds of metagraywacke 
and meta-arkose.
Graphite-rich metapelitic rock has been found on Gee Point, struc­
turally overlying the Shuksan greenschist and is thought to be equivalent 
to the Darrington phyllite unit (Morrison, 1977). This rock is somewhat 
coarse-grained and more micaceous than is common for the Darrington 
phyllite. Interbedded with the graphitic pelitic schists and phyllites 
at Gee Point are beds of meta-sandstone rock essentially identical to 
those found in Darrington phyllite. The metasandstone beds are up to 
five meters in thickness, but most are only a fraction of a meter thick.
Siliceous, iron-rich metasediment is present on both Iron Mountain 
and Gee Point. This rock generally occurs stratigraphically between the 
Shuksan greenschist unit and the Darrington phyllite, but in places is 
found as interlayers within the greenschist unit. Layers of iron-rich 
metasediment are up to a meter thick and exhibit apparent sedimentary 
bedding. Individual beds are usually less than two centimeters in 
thickness and are mostly composed of magnetite, garnet, or quartz.
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Generally magnetite predominates, but hematite has also been found.
Sulphides are generally absent, but minor pyrite and chalcopyrite occur
north of Finney Creek and southwest of Gee Point (Sec. 21, T.34N., R.8E.).
Blueschist is commonly found in contact with the iron-rich rock.
+3This may reflect the local availability of Fe near iron formations.
Structure
The predominant foliation in Shuksan rocks (S^), which generally 
strikes northwest and dips steeply southwest, is very apparent in out­
crop. In greenschists, actinolites are aligned with S^ and define L^.
In blueschists, crossite or glaucophane defines L^. trends to the 
northwest and is discordant to F2 fold axes.
The Sj foliation has been folded into F2 folds, which are subisoclinal 
and trend northwest and plunge either northwest or southeast in the field 
area, as described by Morrison (1977). An S2 foliation is rarely found 
in metabasic rock but is commonly seen in Darrington phyllite as a sur­
face parallel to axial planes of F2 folds.
Only one F^ fold was recognized in the study area. This involved 
the folding of into an open fold trending to the west.
Petrography
The petrography and petrology of the Shuksan rocks have been des­
cribed by Vance (1957), Misch (1959, 1966) and Brown (1974, 1977a). 
Assemblages of metabasites from the study area are presented in Appendix 
A. The rocks are well recrystal 1ized greenschists and blueschists.
Textural evidence suggests equilibrium conditions of metamorphism, 
although polyphase deformation complicates textural interpretations.
FIGURE 2. Photomicrograph of Shuksan greenschist (sample 67-43)
showing albite (ab), actinolite (a), chlorite (c), and 
epidote (e).
I. . 5 mm J
FIGURE 3. Photomicrograph of Shuksan blueschist (sample 67-16k)
showing chlorite (c), crossite (cr), and phengite (p).
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In greenschists the dominant mineral assemblage is: quartz +
albite + epidote + chlorite + sphene ± actinolite ± stilpnomelane (Fig. 2). 
The dominant mineral assemblage in blueschists is: quartz + albite +
epidote + chlorite + sodic amphibole + iron oxide + sphene ± stilpnome­
lane (Fig. 3). Blueschists contain crossite or glaucophane and usually 
iron oxide, in place of actinolite. Pumpellyite, and calcite may also 
be found in metabasites (Vance, 1957; Brown, 1977a).
The assemblage pumpellyite + Na-amphibole has been found in some 
blueschists in the field area. This assemblage has not previously been 
recognized in Shuksan blueschists, but has been noted in blueschist 
facies rocks from California (Ernst ^ , 1970), and in New Caledonia
(Brothers, 1970). The occurrence of pumpellyite + Na-amphibole in 
Shuksan rocks found near Gee Point suggests that either the local pres­
sure of metamorphism was higher. Or the local temperature of metamor­
phism was lower than metamorphic conditions elsewhere in the Shuksan 
metamorphic terrane (cf. Brown, 1977a).
The most common assemblage in the Darrington Phyllite lithologies 
is: quartz + albite + phengite + chlorite ± sphene ± lawsonite ± graphite.
The iron formation rocks contain quartz + iron oxide + spessartine + 
sodic amphibole + sphene ± epidote ± chlorite ± phengite.
Structure and Crystallization History
The crystallization history of Shuksan metamorphism has been studied 
by Morrison (1977). He, and Brown (1974), report that many amphiboles 
in Shuksan blueschists are zoned from actinolite cores to crossite rims. 
Crossites and epidotes are bent in F2 fold hinges. Garnet, syntectonic 
with respect to the first phase of deformation, contains inclusions of
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actinolite and sodic amphibole. Thus, amphibole, epidote, and garnet 
all were formed during D^. Quartz, albite, white mica, and chlorite 
were formed mainly during D^, but show some recrystallization during 
02* The zoning of amphibole in blueschists from actinolite cores to 
crossite rims indicates that the metamorphism may have occurred 
under conditions of increasing pressure. The metamorphic conditions 
present during D2 were probably of lower pressure than the phase 
of crystallization.
Chilliwack Group
In the field area, massive, slightly metamorphosed volcanic rocks 
are provisionally assigned to the Paleozoic Chilliwack Group. No sedi­
mentary rocks belonging to this unit were observed in the field. These 
rocks are light green and locally show abundant veins of quartz and 
epidote. Relict igneous pyroxene and plagioclase phenocrysts are 
common.
Petrography
In thin section, Chilliwack metavolcanic rocks have a relict igenous 
texture. Plagioclase and pyroxene have been partly replaced by epidote. 
Chlorite replaces pyroxene to some extent. In veins, quartz, cal cite, 
epidote, and chlorite are common. Prehnite, lawsonite, and actinolite 
were not found. This may indicate the absence of a prehnite-pumpellyite 
facies metamorphism in Chilliwack rocks of this area, or it may reflect 
the small number of samples collected from this unit.
Structure
In contrast to the Shuksan Suite, rocks of the Chilliwack Group in
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the study area have virtually no penetrative foliation. Thus, there is 
little difficulty in distinguishing Chilliwack and Shuksan rocks. In 
some places Chilliwack rock has been cataclastically deformed, and 
locally, slickensided surfaces are abundant.
Ultramafic Rocks
Serpentinites are found positioned between, or nearly between, the 
Shuksan and Chilliwack units in the field area. These rocks are dark 
green to black color and are remarkably coarse-grained.
Although the ultramafic rocks are most commonly found in the 
vicinity of the fault contact of the Shuksan and Chilliwack rocks, it 
does not appear that they are restricted to this setting (Plate 1).
Some serpentinite bodies are enclosed by Shuksan rocks. Especially good 
examples were found on Iron Mountain. This field relation suggests that 
the serpentinites may be part of the Shuksan Metamorphic Suite. Further 
evidence relating to this question is presented later.
Petrography and Petrology
Mineral assemblages of the ultramafic rocks are presented in Appen­
dix B. The predominant serpentine mineral is antigorite. In thin 
section the antigorite is coarse-grained and is unlike the sheared 
serpentinites commonly found in fault zones (Fig. 4 ). Antigorite 
flakes up to approximately 0.5 mm in length most often occur in a 
random orientation. In some thin sections, however, a faint foliation 
can be seen in which serpentine flakes are aligned, and magnetite grains 
also define a similar foliation. Fibrous chysotile was found at a loca­
tion near Gee Point as a secondary veinlet one centimenter in cross­
section.
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FIGURE 4. Photomicrograph of coarse-grained antigorite (sample 67-36a) 
from the Gee Point serpentinite.
FIGURE 5.
. 5nim
Photomicrograph of chlorite (c) in antigorite (a) from sample 
67-36b.
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Chlorite is seen in thin section to be intergrown with antigorite 
(Fig. 5). Chlorite commonly forms in radiating sheaf-like bundles up 
to 5 cm in diameter. It is Mg-rich and has anomalous brown interference 
colors in thin section. Chlorite is richer in Fe near lenses of magnetite.
In some rocks, brucite (verified by x-ray diffraction) occurs in 
interstices between antigorite crystals and as veinlets (Fig. 6).
Serpentintites commonly contain dolomite (identified by refractive 
index) (Fig. 7), which occurs in relatively fine-grained aggregates, 
in places surrounded by magnetite.
Actinolite also is found in the ultramafic rocks near contacts with 
Shuksan rocks. In the serpentinites, it occurs with antigorite and 
chlorite (Fig. 8), and as monomineralic zones.
Talc has not been found in the serpentinites, but can be seen at 
the contact between serpentinite and Shuksan rocks.
Structure
The serpentinites are generally massive rocks. Foliation in this 
lithology is only faintly present in most rocks, but locally is well 
developed. The foliation is defined by layers of magnetite grains and 
in some cases by alignment of the serpentine flakes (Fig. 9). Lenses 
of magnetite, up to about 10 cm in length, lie parallel to the foliation 
within the serpentinite. The serpentinites show only rare signs of 
cataclastic deformation. The slickensided surfaces typically found in 
serpentintites of fault zones are uncommon in the serpentinites of Gee 
Point and Iron Mountain.
14
I ^ Inim
I FIGURE 7. Photomicrograph of dolomite (d) in antigorite (a) from sample
I 67-36a. Dolomite shown is surrounded by magnetite..
15
liiim
FIGURE 8. Photomicrograph of actinolite (a) and chlorite (c) in antigorite 
(blue) from sample 67-125.
FIGURE 9. Photograph of serpentinite near Gee Point showing foliation. 
Serpentinite outcrop is 3 meters across.
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Epidote-Amphibolites
Rocks containing minerals of the epidote-amphibolite facies 
(Miyashiro, 1973) have been found positioned between serpentinite and 
Shuksan blueschist facies rocks, 1.5 km northwest of Gee Point (Plate 1 
and Fig. 10). The amphibolitic rocks contain both metavolcanic and 
metasedimentary lithologies which are coarse-grained and partly schistose 
and partly gneissose. Metavolcanic rocks are composed predominantly of 
coarse-grained hornblende and garnet which in places occur as mono­
mineral ic bands. Metasedimentary rocks are composed of abundant fine­
grained quartz and sparse, large grains of garnet and hornblende. The 
metasedimentary rocks occur in beds up to two meters in thickness and 
probably represent metamorphosed cherts.
Petrography and Petrology
Mineral assemblages of the epidote-amphibolites are given in Appendix 
C. In both metavolcanic and metasedimentary rocks the dominant mineral
assemblage is hornblende + garnet + quartz + albite + sphene ± epidote ± 
white mica ± Mg-chlorite. All minerals appear to be in textural equi­
librium (Fig. 11). Biotite is not present in the amphibolites.
Rocks of the epidote-amphibolite facies are overprinted by minerals 
of the blueschist facies. Hornblende and garnet are partly replaced by 
actinolite, sodic amphibole, epidote, phengite, chlorite, stilpnomelane, 
and pumpellyite. In general the blueschist facies recrystallization is 
only weakly developed in the amphibolites.
Hornblende--Hornblende is dark brown in hand specimen and light 
brown in thin section. Chemical analyses of brown hornblende from sample 





FIGURE 10. Geologic map of the epidote-amphibolite locality 1.5 km northwest 
of Gee Point. Numbers represent sample locations.
Inim
FIGURE 11. Photomicrograph of amphibolite sample 64-45b showing coexisting 
white mica (m) and brown hornblende (h). Hornblende has been 
slightly altered to actinolite.
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of brown hornblende from sample 67-51b by electron microprobe (by J. 
Bradshaw and Univ. of Calgary) (Table 1). The titanium content of 
amphibole 67-58 may.be somewhat high due to sphene impurity in the 
analyzed material.
The compositions of the hornblendes studied are similar to those 
of other metamorphic terranes except that the studied amphiboles con­
tain more Na than hornblendes from New Hampshire (Brady, 1974), New 
South Wales (Binns, 1965a, 1965b), Hokkaido, Japan (Grapes, ejt , 
1977), and the Skagit Metamorphic Suite, Washington (Misch and Rice, 
1975). The sodium contents of the hornblendes are not as high as Vedder 
Mountain hornblendes (Bernard!, 1977) or the Sanbagawa (Banno, 1964) 
and Sangun (Hashimoto, 1973) metamorphic terranes.
Relict green and blue-green hornblende found in blueschists that 
occur near the amphibolites have been analyzed by electron microprobe 
(by J. Bradshaw and Univ. of Calgary), and are barroisites (Sample 
67-56, Table 1). These amphiboles are very similar to barroisites from
other locations (Banno, 1964; Hashimoto, 1973; Bernard!, 1977).
The compositions of the amphiboles are shown graphically on Figures 
12 and 13 and compared with amphiboles from other areas. The figures 
deomonstrate that the studied hornblendes are different in composition 
from amphiboles of other North Cascade metamorphic rocks. The studied 
hornblendes and barroisites are closest in composition to amphiboles 
from the Vedder Mountain amphibolite, which may indicate similar condi­
tion of formation.
Garnet--In amphibolites garnet is present as euhedral crystals up 
to 2 cm in diameter. Except for very small garnets, most are highly
20
TABLE 1. Composition of hornblendes from the Gee Point epi dote-
amphibolite locality/r
Sample No. 67-58 67-58 67-51b 67-56 67-56
X-Ray Atomic Electron Electron Electron
Method FIuorescence Absorp. Microprobe Microprobe Microprobe
Si02 43.97 46.13 46.56 44.98 45.55
AI2O3 12.97 15.45 7.32 12.59 13.43
TiO^ — 1.27 — — —
FeO* 6.38 9.76 14.86 8.08 6.85
Fe.O * 9.72 1.34 4.99 7.70 8.75
Total Fe as FeO 15.86 12.18 19.35 15.01 14.71
MgO 13.24 12.38 9.57 10.85 11.19
MnO .18 .20 .38 .49 .46
CaO 11.10 11.09 10.75 9.01 8.47
Na.O 2.89 2.29 1.91 3.60 4.10
K.0 1.01 1.20 — — —
Total 101.46 101.29 96.34 97.31 98.80
CATIONIC CHARGE = 46
Si 6.23 6.46 7.04 6.57 6.53
Al"' 1.77 1.54 .96 1.43 1.47
8.00 8.00 8.00 8.00 8.00
A1« .39 .99 .35 .74 .79













Mg 2.79 2.57 2.16 2.37 2.39
Mn .02 .02 .05 .06 .06
5.00 4.99 5.01 5.01 5.00
M4 Ca 1.68 1.66 1.74 1.41 1.30
Na .32 .34 .26 .59 .70
2.00 2.00 2.00 2.00 2.00
A Na .47 .28 .30 .43 .44
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FIGURE 12. Composition of amphiboles from the Skagit Metamorphic 
Suite, Washington (1) (Misch and Rice, 1974), Vedder 
Mountain, B.C. (2) (Ber'nardi, 1977), and the Gee Point 
amphibolite (3). Diagram after Colville e;t ^., 1966.
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FIGURE 13. Composition of hornblendes and barroisites from the Gee 
Point and Vedder Mountain (Bernardi, 1977) epidote- 
amphibolites. Distribution of amphibolites from Shuksan, 
Sanbagawa, Otago, and Sierra Nevada metamorphic rocks are 
shown for comparison (after Brown, 1977b).
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fractured. Some garnets in epidote-amphibolite facies rocks are partially 
replaced by Fe-chlorite and stilpnomelane. The blueschist facies over­
printing did not produce spessartine garnet in these rocks.
Garnet compositions from amphibolites as determined by electron 
microprobe analysis (by J. Bradshaw and C. Knitter and Univ. of Calgary) 
are shown in Table 2. The studied samples are amphibolites composed of 
hornblende, garnet, and sphene, with an overprinting of actinolite, and 
Fe-chlorite. The garnets are almandine-rich and spessartine-poor and 
are only very slightly zoned.
The compositions of these garnets and garnets from other metamorphic 
terranes are shown in Figure 14. The compositions of the studied garnets 
are different from garnet from Otago greenschist facies rocks (Brown, 1967), 
in that Otago garnets contain a much higher spessartine component, more 
grossularite, and less pyrope components. Garnets from the Dal radian 
(Atherton, 1968) are higher in almandine and possess less grossularite 
and pyrope than do Gee Point garnets. Some garnets from the Sanbagawa 
metamorphic terrane (Banno, 1964; Kurata and Banno, 1974) are similar to 
the studied garnets, however, most Sanbagawa garnets are slightly lower 
in pyrope and contain more spessartine. Garnets from California eclogites 
(Coleman ^ , 1965) and from epidote-amphibolite facies rocks in
Washington (Bernardi, 1977) are similar in composition to the Gee Point 
amphibolite garnets. The Sanbagawa, Franciscan, and epidote-amphibolite 
facies rocks are thought to represent high pressure metamorphism. The 
similarity of garnets from these areas to the studied garnets may be due 
to similar P-T conditions of formation of garnets from these various
terranes.
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TABLE 2. Compositions of garnets from Gee Point epidote-amphibolites.









Si02 37.89 38.04 36.85 37.75
20.92 20.98 19.74 21.10
FeO* 27.24 27.25 23.30 24.90
MgO 3.13 3.58 1.50 1.62
MnO .77 .32 10.55 5.35
CaO 9.28 8.88 7.03 11.14
Total 99.26 99.05 98.97 101.86
CATIONIC CHARGE = 24
Si 3.01 3.02 3.01 2.97
Al” 1.96 1.81 1.90 1.96
Fe-^2 1.82 1.81 1.59 1.64
Mg .37 .42 .18 .19
Mn .05 .02 .73 .36
Ca .79 .76 .62 .94
3.03 3.01 3.12 3.13
Mol. % Alman 60.03 60.10 50.96 52.40
Spess 1.71 .70 23.29 11.50
Py 12.22 14.10 5.76 6.07
Gross 26.03 25.10 19.87 30.03




FIGURE 14. Plot of the compositions of garnets from Gee Point epidote- 
amphibolites (1), Vedder Mountain amphibolites (2) (Bernardi, 
1977), and other metamorphic terranes (Banno, 1964; Coleman 
et al,, 1965; Brown, 1967; Atherton, 1968; Kurata and Banno, 




Several epidote-amphibolite rocks have been found as float in the 
north fork of Little Deer Creek (Sec. 8 and Sec. 17, T.34N., R.7E.).
No outcrop of these rocks has been found in the field area, but they 
occur in the Little Deer Creek drainage coming from a contact of serpen- 
tinite and Shuksan rocks. This is the same setting as the in situ 
amphibolites near Gee Point.
These amphibolites contain hornblende + garnet + quartz + albite + 
white mica + clinozoisite ± zoisite. Some of the assemblages are 
identical to those described by Bernardi (1977) for the Vedder Mountain 
area. Amphibolites found in Little Deer Creek have a blueschist facies 
overprint, which is not found in the Vedder Mountain amphibolites.
The Little Deer Creek rocks are different from the amphibolites 
found near Gee Point as they have a very well developed foliation defined 
by hornblende grains. The relation of these amphibolites to the in situ 




The contact between ultramafic rock and blueschist facies rock is 
best exposed in a clearcut area on a ridge 1.5 km NW of Gee Point. This 
exposure is shown in Figure 15 and the geology is depicted in Figure 10. 
The four geologic units found at the exposure are: (1) serpentinite,
(2) epidote-amphibolite facies rocks with slight blueschist facies over- 
pring, (3) typical blueschist facies rocks of the Shuksan Metamorphic 
Suite, with some relict minerals of the epidote-amphibolite facies,
(4) rocks of a metasomatic zone between serpentinite and other rock
types. The question of interest here is the relationship of the epidote- 
amphibolite facies and ultramafic rocks to the Shuksan unit.
On the west side of the exposure lies the serpentinite, which is 
composed of coarse-grained antigorite typical of ultramafic rock found 
throughout the study area. The eastern portion of the exposure is made 
of Shuksan blueschist facies rocks which are coextensive with rocks of 
the Shuksan unit. Two distinct units lie between the serpentinite and 
the Shuksan blueschist facies rocks: the epidote-amphibolite facies
rocks, and the metasomatic zone.
Comparison of Lithologies
The epidote-amphibolite facies rocks and the nearby Shuksan blue­
schist facies rocks are both composed of metavolcanic rock and some 
metachert. Semi-quantitative major element chemical data for metavolcanic 
rocks from the amphibolite and blueschist units suggests that the two 
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The pressure and temperature of metamorphism of the Gee Point 
amphibolites can be estimated using the composition of the hornblende 
and its phase relations. Brown (1977b) has shown that the amount of 
sodium in the M4 site in amphiboles is a function of pressure where the 
amphibole coexists with chlorite + albite + epidote + magnetite. Amphi­
boles studied here do not coexist with the buffering assemblage and thus 
have less than maximum NaM4. The hornblendes suggest a minimum pressure 
of 4-5 kb whereas the relict barroisites found in blueschists near the 
amphibolite suggests a minimum pressure of 7 kb (Fig. 13).
Another approach to gaining a P-T estimate for the amphibolite is 
to consider the phase relations. The association of albite and hornblende 
is thought to indicate relatively high pressures of metamorphism 
(Miyashiro, 1973). Also, the appearance of almandine-rich garnet at 
lower grade than biotite, as is the case for the amphibolites of this 
study, is typical of high-pressure terranes (Kurata and Banno, 1974).
The assemblage in the amphibolites of the Gee Point area is virtually 
identical to those in the amphibolites of the Sanbagawa terrane in Japan 
and are distinctly different from assemblages in lower pressure terranes 
such as the Dal radian or New Zealand. The relations of minerals in 
these different terranes are summarized in Figure 16, which is modified 
from Brown (1978). From the above considerations, and Figure 16, it 
appears that the epidote-amphibolite facies rocks found near Gee Point 
were metamorphosed at pressures between 6 kb and 8 kb, and at temperatures 
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As discussed in a previous section, the amphibolites possess a blue- 
schist facies overprint. This sequence of epidote-amphibolite facies 
metamorphism followed by blueschist facies metamorphism is not limited 
to the amphibolites, but is also found in blueschists near the ultramafic 
body. Blueschists occurring within 100 meters of the serpentinite con­
tain relict grains of hornblende (Fig. 17), garnet, albite, white mica, 
and other minerals produced during epidote-amphibolite facies metamorphism. 
More than 100 meters from the contact with ultramafic rock, relict grains 
representing epidote-amphibolite facies metamorphism are not found.
The hornblende of the amphibolites, which are located at the contact 
with the serpentinite, is brown in color, whereas relict hornblende of 
blueschists some distance from the contact is green or blue-green in 
color. Electron microprobe analysis of relict blue-green hornblende from 
sample 67-56 (by J. Bradshaw and Univ. of Calgary) indicates that the 
relict hornblende found in blueschists is barroisitic (Table 1). In other 
metamorphic terranes brown hornblende is formed at a higher metamorphic 
grade than green hornblende (Binns, 1965a, 1965b; Bard, 1970; Miyashiro, 
1973). This suggests that the color variation of the hornblende observed 
in this study is due to increasing metamorphic grade toward the serpen­
tinite.
Emplacement of Ultramafic Rocks
The relations outlined above suggest that the ultramafic rock was 
emplaced at high temperatures and was responsible for the epidote- 
amphibol ite facies metamorphism. The occurrence of the amphibolites at 




FIGURE 17. Photomicrograph of relict blue-green barroisite (b) found in 
blueschist facies rock (sample 67-56) near the contact with 
serpentinite.
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green hornblende away from the contact are best interpreted to be the 
result of intrusion of hot ultramafic rock. The increasing degree of 
blueschist recrystallization away from the contact probably reflects 
the original degree of epidote-amphibolite facies metamorphism. Rocks 
near the ultramafic body were totally recrystallized to epidote- 
amphibolites, and thus were not as far from their stability field during 
blueschist facies metamorphism as were rocks only partially recrystallized 
during the emplacement of the ultramafic body.
Consideration of the phase relations of the amphibolites in the 
previous section indicates a temperature and pressure of the contact 
metamorphism at about 450-550°C and 6-8 kb. Thus the ultramafic body 
was below melt temperatures, which are >1000°C, and intruded at great 
depth (>25 km).
The serpentinite body near Gee Point has a definite foliation 
(described in a previous section) that is parallel to the S-j foliation 
found in nearby blueschist facies rocks (Fig. 10), a relationship in 
agreement with the interpretation that the ultramafic rock has suffered 
Shuksan blueschist facies metamorphism and deformation. If the amphi­
bolites, which were produced by a high-temperature ultramafic intrusion, 
show the effects of blueschist facies metamorphism, then the ultramafic 
rock must also show the effects of blueschist facies metamorphism.
Albite veins and epidote veins cross-cut the serpentinite and nearby 
blueschist facies rock and amphibolite, and are evidence that the 
serpentinite and blueschist facies rocks were in contact when the veins 
were formed. Nearby Chilliwack rock does not contain similar coarsely 
crystalline albite veins, suggesting that the formation of the veins
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took place prior to the fault juxtaposition of the Shuksan and Chilliwack 
rocks.
The following sequence of tnetamorphic and structural events can be 
inferred: (1) intrusion of hot solid peridotite into basaltic and cherty
rock at great depth, (2) contact metamorphism of epidote-amphibolite 
facies, (3) regional blueschist facies metamorphism, (4) development of 
albite veins and epidote veins, and (5) fault juxtaposition of the 
Chilliwack Group against the Shuksan Suite.
Metasomatic Zone
In some places between the serpentinite and other lithologies there 
is a metasomatic zone containing pods, up to 30 cm long, of coarse 
actinolite and chlorite (Fig. 18). The pods are set in a relatively 
fine-grained matrix comprised of minerals of the Shuksan blueschist facies 
metamorphism. The actinolite pods are surrounded by a matrix of fine­
grained actinolite, chlorite, phengite, and occasionally sodic amphibole.
The pods are crudely oriented with their long dimension parallel 
to the Shuksan S-j foliation, suggesting that formation of the pods took 
place prior to or during major Shuksan deformation. The pods probably 
represent either Shuksan rock or ultramafic rock that has been altered 
by metasomatism at the contact between ultramafic rock and Shuksan rock. 
Cooper (1976) studied similar actinolite-rich zones that surround ultra­
mafic bodies in New Zealand, and found that the actinolite probably 
represents altered ultramafic rock.
Contact Relations Found in Other Locations
The contact relations of serpentinites elsewhere in the field area
FIGURE 18. Photograph of metasomatic zone containing pods of coarse 
actinolite. Drawing shows the location of the actinolite 
pods.
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are not nearly as well exposed as those of the Gee Point serpentinite. 
However, some significant relations can be observed. Throughout the 
field area the contact between serpentinite and Shuksan rock is commonly 
marked by a thin zone, a few meters in thickness, in which grains of sodic 
amphibole or actinolite may be up to 10 cm in length. The mineral assem­
blages of these zones are identical to normal Shuksan assemblages, and 
it appears that only the amphiboles have grown to unusually large size.
In Appendix A, mineral assemblages of these rocks are represented by 
sample numbers lOG, 101, lOJ, lOK, and 16Q.
The occurrence of zones of large amphiboles was successfully used 
as a field criterion for locating small ultramafic bodies in Shuksan 
rocks.
Small metasomatic zones containing pods of actinolite similar to 
those found at the Gee Point locality are found throughout the field 
area. They are very different from the small lenses and layers of fine­
grained actinolite commonly seen in Shuksan greenschists, and are 
always found to be at a contact between ultramafic rock and Shuksan rock.
Radiometric Ages
Table 3 lists K/Ar and Rb/Sr dates for Shuksan metamorphic rocks.
The first two dates are from rocks from the amphibolite locality near 
Gee Point that contain minerals of the epidote-amphibolite facies.
Sample 67-53 is composed almost wholly of hornblende (the dated mineral) 
which shows very minor recrystallization to actinolite at grain boundaries 
(Fig. 19). Sample 67-45B contains coarse-grained white mica (the dated 
mineral) and brown hornblende, which were produced during epidote- 
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FIGURE 19. Photomicrograph of coarse-grained brown hornblende (sample 
67-53) showing slight recrystallization to actinolite at
grain boundaries.
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(glaucophane, actinolite, chlorite) are also found in this rock (Fig. 11).
Rocks from the Gee Point amphibolite locality give dates of Middle 
and Upper Jurassic. The difference between the hornblende (145 m.y.) 
and mica (160 m.y.) dates exceeds the analytical errors for the individual 
measurements and probably reflects loss of argon from hornblende, as has 
been found to occur in white mica-amphibole pairs from other locations 
(Coleman and Lanphere, 1971; Armstrong, personal communication, 1977).
The dates represent the youngest possible age of the amphibolites, but 
probably the epidote-amphibolite facies metamorphism is closely approxi­
mated by the 160 m.y. white mica date.
The age of the Shuksan metamorphism is an important problem in the 
geologic history of the North Cascades, and the age of the amphibolites 
studied here has important bearing on that problem. Currently there are 
K/Ar and Rb/Sr dates for Shuksan metamorphism ranging from Permian to 
mid-Cretaceous time. Misch (1966) suggested that the Shuksan Metamorphic 
Suite was metamorphosed in Permian time and that the Cretaceous dates 
represent loss of argon due to post-metamorphic deformation. An alterna­
tive interpretation is that the Permian dates represent excess argon in 
Shuksan crossites, and that the Shuksan unit was metamorphosed in Middle 
Cretaceous time (~125 m.y.). This interpretation is consistent with the 
145-160 m.y. age of the contact metamorphism at Gee Point, which clearly
predates the Shuksan metamorphism.
Other High-Temperature Ultramafic Intrusions
Some examples of ultramafic rock showing evidence of high-temperature 
emplacement have been studied in Venezuela (Mackenzie, 1960), Quebec 
(Smith and MacGregor, 1960), Cornwall (Green, 1964a, 1964b), the Atlantic
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Ocean (Mel son et , 1967), and Spain (Loomis, 1972). In Cornwall, 
a high-temperature intrusion of peridotite occurred during regional 
metamorphism at the amphibolite facies (Green, 1964b). In the other 
locations, high-temperature emplacement of ultramafic rock was not 
associated with regional metamorphism. The temperatures of the ultra- 
mafic intrusions are interpreted to have been high (>800°C) and the 
resulting contact aureoles are less than 10 kilometers in width. Loomis 
(1972) concluded that the pressure of contact metamorphism was 4.3 kb ±
1 kb for the Ronda ultramafic intrusion, but in the other locations the 
pressure of metamorphism has not been determined. These examples of 
high-temperature ultramafic intrusions are different from the one of the 
Gee Point area in that they have all occurred at much higher temperatures 
and at lower pressures than the Gee Point example. This probably reflects 
a different mode of emplacement.
Taliaferro (1943) suggested that blueschists of the Franciscan 
Complex in California were the result of pneumatolitic alteration caused 
by intrusion of serpentinite or ultramafic magma. A similar conclusion 
was reached by Essene et (1965) who suggested that ultramafic magma 
intruded Franciscan rocks at very deep levels and produced high-grade 
blueschist, eclogite and amphibolite. Low-grade blueschists were thought 
by these authors to represent regional metamorphism and were formed 
independent of ultramafic magma. Field relations in the Franciscan Complex 
are obscure, and Bailey ^ (1964) dispute the evidence that eclogite
and amphibolite might have resulted from contact metamorphism at depth.
Essene e;t (1965) and Coleman and Lanphere (1971) describe 
reaction rinds of coarse actinolite, chlorite, and talc around the tectonic
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blocks of the high-grade metamorphic rocks in the Franciscan Complex, 
and suggest this is evidence that the eclogites and amphibolites formed 
within ultramafic rock at considerable depth. These reaction rinds are 
very similar to the metasomatic zone between serpentinite and amphibolite 
at the Gee Point amphibolite locality. Coleman and Lanphere (1971) have 
shown that the high-grade metamorphic rocks of the Franciscan Complex 
were metamorphosed during Middle Jurassic time (150 m.y.), prior to the 
end of the Franciscan sedimentary deposition and also prior to the 
regional Cretaceous blueschist facies metamorphism. The timing of the 
Franciscan metamorphic events is similar to that of the epidote-amphibolite 
facies (~160 m.y.) and the blueschist facies (~125 m.y.) metamorphisms in 
the Gee Point area.
Platt (1975) describes blueschists, greenschists, and amphibolites 
from the Franciscan Complex of Santa Catalina Island and suggests that 
ultramafic rock has been responsible for the amphibolite facies and green- 
schist facies metamorphisms. Unlike the Gee Point rocks, relict minerals 
of the amphibolite facies are not found in greenschists or blueschists.
The amphibolites of Santa Catalina Island appear to have formed at lower 
pressure than other Franciscan eclogites and amphibolites (Fig. 16).
The similarities between the amphibolites at Gee Point and eclogites 
from the Franciscan Complex are summarized in Figure 20. The formation 
of the Gee Point amphibolites and Franciscan eclogites both occurred 
prior to regional blueschist facies metamorphism. Both the Gee Point 
amphibolites and the Franciscan eclogites v/ere formed at about 200°C 
higher than the corresponding regional blueschist facies metamorphism, 










































Also, the ages of the metamorphisms are similar. These relationships 
lend support to the hypothesis that Franciscan eclogites may have 
resulted from contact metamorphism caused by intrusion of hot ultramafic 
rock at great depth.
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PHASE RELATIONS OF ULTRAMAFIC ROCKS
Because the ultramafic body found near Gee Point was emplaced 
prior to the Shuksan metamorphism, it has undergone blueschist facies 
metamorphism. The phase relations of metamorphosed ultramafic rock are 
sensitive to changes in temperature and fluid composition, and thus 
consideration of the mineralogy of the Gee Point rocks may reveal useful 
information concerning conditions of the Shuksan metamorphism.
Recently several studies have been made concerning the phase 
relations of ultramafic rocks in medium pressure metamorphic terranes 
(Trommsdorff and Evans, 1969, 1972, 1976; Evans and Trommsdorff, 1970; 
Dietrich and Peters, 1971; Evans ^ , 1976; Pinsent and Hirst, 1977).
This work together with experimental and theoretical investigations 
(Bowen and Tuttle, 1949; Greenwood, 1963, 1967; Scarfe and Wyllie, 1967; 
Johannes, 1968, 1969; Evans e;t ^., 1976; Trommsdorff and Evans, 1977) 
have established the stability fields for many mineral assemblages com­
monly found in metamorphic terrains. A summary of temperature-pressure 
equilibria for metamorphic reactions that occur in ultramafic rocks at 
^H 0 ~ total ’ Evans al. (1976) is given in Fig. 21. Comparison 
of the phase relations of the Gee Point serpentinites with Figure 
enables some temperature estimates for Shuksan metamorphism to be made, 
and also provides a check as to whether the serpentinites actually were 
metamorphosed at the blueschist facies.
The mineral assemblages found in the serpentinites of the Gee Point 
and Iron Mountain area are shown diagramatically in Figure 22. The 
presence of antigorite + dolomite and the absence of talc + magnesite in 
















































































FIGURE 22. Phase relations of Shuksan ultramafic rocks in the system
Ca0-Mg0-Si02. Abbreviations are as follows: antigorite (a),
brucite (b), calcite (c), dolomite (d), quartz (q), talc 
(t), tremolite (tr). X indicates observed assemblage. The 
assemblage dolomite + tremolite is inferred.
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probably <0,01 (Winkler, 1976; Trommsdorff and Evans, 1977). Evans et al. 
(1976) have shown that antigorite is stable only above 250°C, which 
therefore indicates a minimum temperature of Shuksan metamorphism. The 
common assemblage antigorite + brucite indicates that the reaction 
antigorite + brucite = forsterite + H^O has not taken place, and therefore 
the maximum temperature of Shuksan metamorphism could not have exceeded 
about 450°C. Although the temperature limits (250-450°C) placed on 
Shuksan metamorphism by the phase relations of the ultramafic rocks are 
broad, they do agree with temperatures estimated from the phase relations 
of the metabasites and metasediments (300-400°C, Brown, 1977a).
The presence of tremolite cannot be evaluated in terms of the 
reaction talc + cal cite + quartz = tremolite, or the reaction talc + 
cal cite = tremolite + dolomite + quartz. Semi-quantitative chemical 
anslysis of tremolite shows that it contains approximately 6% iron.
Because iron goes into tremolite and not talc (Evans, 1977), the pre­
sence of iron will stabilize tremolite below the temperature at which 
the above reactions are at equilibrium.
It does not appear that the mineralogy of the serpentinite bodies 
has been changed by movement of the Shuksan thrust fault. Not only is 
an elevated temperature (>250°C) suggested, but the coarsely crystalline 
fabric of the serpentinites is distinctly different from the fine-grained 
cataclastic fabric of tectonized serpentinites found in fault zones.
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POSSIBLE METHOD OF EMPLACEMENT OF ULTRAMAFIC ROCK
As demonstrated in Figure 16 the pressure of metamorphism for the 
epidote-amphibolite facies rocks at Gee Point is approximately the same 
as that of Shuksan blueschist facies metamorphism (~7 kb). This high 
pressure environment places constraints on the possible tectonic 
models which could explain the high-temperature intrusion of solid 
peridotite.
Ernst (1973) has discussed the special pressure and temperature 
conditions necessary for blueschist facies metamorphism and has con­
cluded that blueschist terranes are metamorphosed in a subduction zone 
environment, where lithostatic pressure is high and the geothermal 
gradient is low. This model would apply to the Shuksan blueschist 
facies metamorphism.
The Gee Point epidote-amphibolite facies rocks probably were formed 
at the same environment as the Shuksan blueschist facies rocks, that is, 
they probably represent a metamorphism that took place at depth within a 
subduction zone. Platt (1975) has proposed a tectonic model in which 
hot ultramafic rock could produce contact metamorphism at depth in a 
subduction zone. In this model, peridotite from the hanging wall of the 
subduction zone is responsible for high-temperature metamorphism at 
depth. Amphibolite is formed at the contact with the hanging wall 
peridotite and greenschist and blueschist are formed beneath the amphi­
bolite where temperatures are lower.
There is some difficulty in applying the model proposed by Platt 
(1975) to the Gee Point area for two reasons: (1) the epidote-amphibolite
facies contact metamorphic aureole is very thin, indicating that the
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ultramafic body that caused the contact metamorphisni was small, and (2) 
the epidote-amphibolite facies rocks at Gee Point were metamorphosed 
prior to regional blueschist facies metamorphism, and thus are not related 
to the blueschists in time. A variation on the Platt model, which better 
fits the Gee Point area, is one which ultramafic rock fills fractures 
and faults produced by partial break-up of subducting crust. This model 
is favored over other models because ultramafic bodies would not necessarily 
have to be extremely large, and because ultramafic rock would not have to 
be mobilized by very high temperatures. The intrusion of ultramafic 
rock at Gee Point did not occur at extremely high temperatures and pro­
bably was small, thus the break-up model seems to apply here. The model 
also works for rather high-^temperature ultramafic intrusions such as the 
intrusion studied by Platt (1975) on Santa Catalina Island. On Santa 
Catalina Island, however, the ultramafic intrusion, and thus the fracturing 
of down-going crust in a subduction zone, occurred during Franciscan 
blueschist facies metamorphism, and not before blueschist facies meta­
morphism as with the Gee Point intrusion.
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SUMMARY
Amphibolites exposed near Gee Point have been metamorphosed at the 
epidote-amphibolite facies. The mineral assemblage albite + epidote + 
almandine + hornblende ± white mica, and the absence of biotite, are 
indicative of pressures between 6 and 8 kb, and temperatures between 450 
and 550°C. The NaM4 in hornblende from the amphibolite locality also 
suggests high pressures. Garnet is almandine-rich and similar in compo­
sition to garnets from the Sanbagawa metamorphic belt, California eclo- 
gites, and other Washington epidote-amphibolites.
Amphibolites are in contact with serpentinite. Hornblende found in 
amphibolite near the ultramafic rock is brown (pargasite), and relict 
hornblende found away from the contact is green or blue-green (barroisite). 
Brown hornblende is formed at higher metamorphic grade than green horn­
blende in other metamorphic terranes, and this, together with the restricted 
occurrence of the amphibolites to the contact zones, suggests that heat 
from the ultramafic body was responsible for the epidote-amphibolite 
facies metamorphism.
Amphibolites show an overprinting by minerals of the blueschist 
facies. The ultramafic body, which was responsible for the epidote- 
amphibolite facies metamorphism, also shows signs of blueschist facies 
metamorphism. There is a distinct foliation found in the serpentinite 
that is parallel to the Sj foliation in nearby Shuksan blueschist facies 
rocks. Also, published field and experimental work on the phase 
relations of ultramafic rocks indicates that the mineralogy of the ser- 
pentinites could have formed in the blueschist facies. The above evidence 
suggests that some serpentinites found along the Shuksan thrust fault
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should be considered part of the Shuksan Metamorphic Suite.
The age of the Gee Point epidote-amphibolite facies metamorphism 
has been determined by K/Ar methods to be Jurassic (145-160 m.y.).
Field and petrographic evidence indicate that the epidote-amphibolite 
facies metamorphism occurred before the Shuksan blueschist facies meta­
morphism. Therefore, the oldest possible age of Shuksan metamorphism is 
Upper Jurassic (145 m.y.), and the Shuksan unit was probably metamor­
phosed in mid-Cretaceous time, as suggested by the numerous Cretaceous 
K/Ar and Rb/Sr dates (Armstrong, personal communication, 1977).
High-temperature emplacement of ultramafic rock at great depth 
(>25 km) prior to Shuksan metamorphism is the most likely cause of the 
epidote-amphibolite facies metamorphism in the Gee Point area. The 
temperature of contact metamorphism (450-550°C) indicates that the 
ultramafic body intruded below its melt temperature, which is >1000°C.
This mechanism may also have produced eclogites and amphibolites in the 
Franciscan Complex, which are also associated with serpentinite and 
overprinted by a low temperature blueschist facies regional metamorphism.
High-temperature intrusion of ultramafic rock at great depth may 
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APPENDIX C
MINERAL ASSEMBLAGES OF ROCKS CONTAINING MINERALS
OF EPIDOTE-AMPHIBOLITE
Sample No. ^ ^ 5 S
EPIDOTE-AMPHIBOLITE FACIES MINERALS
FACIES
C CQir> IT) otf)
Quartz X X X
Albite X X X
Hornblende X X X X X X
Garnet X X X
Chlorite X
White mica X X X
Epidote
Sphene X X X X
BLUESCHIST FACIES MINERALS
Quartz X X
A1 bite X X X X X
Actinolite X X X X
Na-Amphibole X X
Chlorite X X X X X
White mica X X X X
Epidote X X X
Pumpellyite X
Stilpnomelane
Sphene X X X X
Rutile X X X
Magnetite



















Quartz X X X X X
A1 bi te ? X X
Hornblende X X X X X X X X
Garnet X X X X
Chlorite X




Quartz X X X
Albite X X X
Actinolite X X X
Na-Amphibole X X X X
Chlorite X X X X X X X
White mica X X X X X
Epidote X X X X
Pumpellyite
Stilpnomelane X
Sphene X X X X X X X X
Rutile X X X X
Magnetite
Lithology A A A A B B A A A
